INTRODUCTION
Certain groups of terrestrial carnivores indigenous to the United States are known to function as reservoirs for rabies virus and serve as maintenance hosts for specific virus variants that can be distinguished by their antigenic and genetic characteristics . The major hosts include raccoons (Procyon lotor), skunks (genera Mephitis, Spilogale, and Putorius), and foxes (genera Vulpes, Urocyon, and Alopex) (Krebs et al., 2000 (Krebs et al., , 2001 . Additional and extensive reservoirs for rabies virus exist among the numerous species of insectivorous bats which maintain a diverse pool of rabies virus variants that circulate independently of those associated with terrestrial carnivores (Baer and Smith, 1991) . Rabies reported among raccoons, skunks, foxes, and bats accounted for 91% of all cases of rabies during 2000; domestic species (including dogs) contributed less than 7% to the total. Thirteen other species of wildlife made up the remaining 2% of nationally reported rabies cases.
In any given geographic region of the United States where rabies is enzootic, most cases of rabies are caused by the rabies virus variant associated with the primary terrestrial carnivore host in that region (McQuiston et al., 2001) . As of 2002, nine variants of rabies virus identifiable by antigenic or genetic typing methods are know to circulate among terrestrial carnivores in the United States and Puerto Rico (Smith, 1989 . Three variants are associated with skunks, three with foxes, and one with raccoons. Two other carnivores are important in maintaining distinct rabies virus variants that currently circulate in restricted regions of the United States: coyotes (Canis latrans) in southern Texas (Rohde et al., 1997) and mongooses (Herpestes javanicus [auropunctatus] ) on Puerto Rico (Krebs et al., 2001) . Although reports of rabies among carnivores other than the primary reservoir host species are rare, other carnivorous mammals (OCMs) can be a source of rabies exposure to humans and domestic animals. Annual national surveillance reports of rabies list most of these other wildlife species without attempting to summarize any long-term trends in numbers or geographic occurrence. In this report, we review rabies surveillance data for the period between 1960 and 2000 for OCMs that were less frequently reported rabid in the United States than are raccoons, skunks, and foxes. In some instances (e.g., coyotes and mongooses), these carnivores are of regional importance and serve as primary host species in virus maintenance, while for other species reports of rabies are rare and reflect spillover infections.
MATERIALS AND METHODS
Between January 1960 and December 2000, state and territorial health departments reported confirmed cases of rabies to the Centers for Disease Control and Prevention (CDC) on a monthly basis. Data on animal rabies compiled at CDC dates to 1960, although details on the reporting of cases to the county level are complete only back to 1990 for most species. The diagnosis of rabies was made at state laboratories or at CDC, usually by direct fluorescent antibody testing. In some instances, mouse inoculation with brain tissue from the suspected animal or reverse transcription-polymerase chain reaction (RT-PCR) assays of tissues or fluids were used to detect virus or viral RNA. Characterizations of the rabies virus variants associated with cases were performed using antigenic typing with monoclonal antibodies or RT-PCR, followed by genetic sequencing.
Reported cases of rabies in OCMs from 1960 through 2000 were examined for temporal and spatial patterns. Identification of OCMs was made to the level of species when possible, although bears were recorded only to genus Ursus and weasels were recorded only to genus Mustela. Data were grouped by decade (1960-1969, 1970-1979, 1980-1989) with the exception of the last interval (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , which was 11 yr in duration. Data were also grouped by surveillance region to look for geographic clustering. 
RESULTS
A total of 2,851 cases of rabies among OCMs of at least 17 different species were reported from 1960 through 2000 (Table  1 ). This total represented 1.3% of the 216,212 cases of animal rabies reported to CDC during this same interval and 1.5% of the 185,014 wildlife cases. Three species accounted for 92% of the total reported rabies cases among OCMs. Mongooses contributed almost 53% of the total, followed by coyotes (22%) and bobcats (Lynx rufus; 17%). Four other species contributed Ͼ1% to the total number of rabies cases among OCMs: otters (Lontra canadensis; nϭ45 cases), badgers (Taxidea taxus; nϭ40 cases), wolves (Canis lupus; nϭ31 cases), and ringtails (Bassariscus astutus; nϭ29 cases). The remaining 10 species or groups of OCMs collectively accounted for Ͻ3% of the total OCM rabies cases.
Overall, the number of reported rabies cases among OCMs increased gradually during the first three decades of study, from 1960 to 1989 (average for the 30-yr interval ϭ 53.5 OCM rabies cases per year), before doubling between 1990 and 2000 (average for the 11-yr interval ϭ 113.4 OCM rabies cases per year). This marked increase was driven by a well-defined epizootic of rabies among coyotes occurring in southern Texas during the early 1990s ( Fig. 1 ) and a nearly fivefold increase in the numbers of rabid bobcats (nϭ240) over the number reported from the previous decade, 1980-1989 (nϭ51) ( Table 1) .
Reports of rabies among several different species of OCMs have increased since 1960. The numbers of mongooses reported rabid increased over 300% from 1960 to 1989 (nϭ161 for the 1960s, 360 for the 1970s, and 493 for the 1980s) before leveling-off during the 1990s (nϭ493). Re- Species or genus 1960 -1969 1970 -1979 1980 -1989 1990 -2000 Mongoose ports of rabies among otters and domestic ferrets (Mustela putorius) have increased from historical lows in recent decades. However, the overall number reported for these two species has averaged Ͻ2 per year over the entire study interval (Table  1) . Rabies among wolf-dog hybrids was reported for the first time during the 1990s (Table 1) .
Regional distribution of OCM rabies cases varied and in most instances was interpretable based on the known geographic range of the species (Table 2) . For example, all reports of rabid mongooses originated from Puerto Rico, although reporting varied from different locations on the island. Between 1990 and 2000, townships in the eastern end of the island reported most of the cases of mongoose rabies (Fig.  2) . Other reports of rabies among OCMs that were restricted regionally included those for badgers, wolves, ringtails, and coatis (Nasua narica) ( Table 2) .
In contrast, some OCMs have extensive range distributions and rabies was reported among these animals throughout their range. The South Central Region accounted for 71.4% of the rabid coyotes reported since 1960 (Fig. 3a) ; however, this species was found rabid in every region of the continental United States. Similarly, although most rabid bobcats (44.9%) were reported from the South Atlantic and South Central regions (22.4%), cases of rabies in this species occurred in every region of the continental US (Fig. 3b) . Most cases (73.3%) of rabies among otters were reported from the South Atlantic Region (Table 2 ), but they occur throughout much of the conti- FIGURE 2. Reported cases of rabies in mongooses in Puerto Rico, by township, 1960-2000. nental United States. Six of the seven regions within the continental United States reported at least one case of rabies among domestic ferrets, although 10 of the 23 cases originated from the South Atlantic Region ( Table 2) . Four of the five cases of rabies in wolf-dog hybrids were from the Pacific Region.
Virus typing was conducted on 66 samples collected between 1985 and 1998 (Table 3). Each of the major US geographic regions were represented among the samples, which were taken from 11 species of OCMs originating from 18 states, the District of Columbia (D.C.), and Puerto Rico. All nine of the virus variants associated with terrestrial animal reservoirs for rabies in the US were identified among the 66 samples within this time interval, including arctic fox, raccoon (Mid-Atlantic and Southeast United States), south central (SC) skunk, north central (NC) skunk, Arizona (AZ) fox, California (CA) skunk, Texas (TX) fox, Mexico (MX) dog, and Puerto Rico (PR) mongoose/dog. Two samples from ringtails submitted for rabies testing in Nevada and New Mexico contained variants associated with bats (Pipistrellus hesperus and Tadarida brasiliensis, respectively).
DISCUSSION
Although the OCMs reviewed in this report contributed less than 2% to the burden of wildlife rabies reported in the United States between 1960 and 2000, these species can be a source of human and domestic animal exposure to rabies virus. Ra- bies among terrestrial mammals other than raccoons, skunks, and foxes represents the dominant threat in certain locations, and disease occurs with sufficient magnitude as to warrant a public health intervention.
For example, the epizootic of coyote rabies in southern Texas (Fig. 1) involved a variant of rabies virus that had been circulating among domestic dogs along the Mexico-United States border at least since the 1970s (Clark et al., 1994; Smith et al., 1995; Rohde et al., 1997) . Two human deaths in Texas, in 1991 and 1994, were attributed to this rabies virus variant (Noah et al., 1998) . Once this virus variant became established within the coyote population, it rapidly emerged in several adjacent counties (Clark et al., 1994) , raising local and national concerns over the potential for epizootic spread. Coyotes can be found throughout the US in all habitats (Moore and Parker, 1992) , and the potential for a spreading epizootic of coyote rabies, involving a variant of the virus well adapted to circulation in domestic dogs, to affect large regions of Texas and other areas in the US was regarded as a clear public health threat. In an attempt to halt the further spread of this variant of the rabies virus, a program was initiated to vaccinate coyotes in south Texas by using an oral rabies virus vaccine (ORV) distributed in edible baits (Farry et al., 1998; Fearneyhough et al., 1998) . As of 2000, the distribution of ORV had been credited with reducing the numbers of rabid coyotes in south Texas and halting the further spread of rabies associated with this species (Farry et al., 1998) . Similarly, development of suitable baits and ORV delivery strategies for vaccinating mongooses on islands in the Caribbean are under way (Linhart et al., 1993; Creekmore et al., 1994) .
Cases of rabies among bobcats were reported during all periods and from all regions. However, temporally, the majority were reported during the 1960s and the 1990s, and regionally Ͼ85% were reported from southern states. Variants of the rabies virus identified in bobcats from the South Atlantic states were uniformly the raccoon rabies virus strain, while variants from bobcats in Arizona and Texas were predominantly respective regional fox variants (one was SC skunk). Unproven hypotheses regarding causes for the predominance of infection of bobcats with fox variants range from the possibility of greater numbers of encounters as a result of mutual climbing skills of the species involved to the possibility that foxes may fall among those species preyed upon by bobcats. Absence of information about rabies virus variants that infected foxes during the 1960s does not allow confirmation of the possibility that the greater numbers of rabid bobcats reported during that period were the result of the more expansive epizootic of rabies among foxes. Resurgence of reported cases of rabies among bobcats during the 1990s to the present is primarily caused by spillover of rabies as a result of epizootics among raccoons in the southeastern states.
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CA (3) CA (1) CA (1) CA (1) wolf-dog hybrid (3) coyote (1) ferret ( sustainable harvest of furbearer species (Clark and Fritzell, 1992) , than as a public health issue (Kimber et al., 2000) . An epizootic of rabies in Alaska was credited with decimating an entire pack of wolves in one instance (Chapman, 1978) , and on several occasions a substantial number of wolves wearing radio collars as part of long-term ecological studies have died of rabies (Ritter 1991; Theberge et al., 1994; Kat et al., 1995) . Also in Alaska, rabies in a polar bear (Ursus maritimus) raised concerns about the potential effects this disease could have on bear populations and the annual Inuit harvest of this species; concerns were also expressed for human safety when butchering bears potentially infected with rabies (Taylor et al., 1991) .
Among the Ͼ2,500 cases of rabies in OCMs, only the three cases of rabies identified in lesser pandas (Ailurus fulgens) residing in the National Zoological Park, Washington D.C. (Centers for Disease Control and Prevention, 1985) , and one case in an ocelot (Leopardus pardalis) imported from Peru to California (Frye and Cucuel, 1968) to be kept as a privately owned pet represented disease in true ex-otic species for the US. The pandas were infected with the raccoon variant of the rabies virus and thus disease was the result of spillover, probably from raccoons, during residence at the National Zoological Gardens. The ocelot, which was sick upon arrival in California, died within a month. Thus, although the virus variant involved was not identified, infection almost certainly occurred before arrival in the United States. Mongooses, although not native to Puerto Rico, have been present in the Caribbean since the 1870s when they were introduced to control rats in sugar cane fields (Everard and Everard, 1988) . Cases of rabies in domestic ferrets also represent disease in a non-native species; however, this animal is also not a recent import and is now classified with dogs and cats as a domestic species for purposes of rabies control (Jenkins et al., 2000) . The earliest recorded case of rabies in a ferret reported to CDC dates from 1958 (Centers for Disease Control and Prevention, 1983), and there have been only 23 additional cases reported since then.
Several animals appearing in the table of rabid OCMs deserve mention and special attention, beyond that which would be accorded them because of the frequency with which they are reported rabid. There have been several recent accounts of unprovoked attacks by otters, either singly or in packs of up to five animals, on humans swimming near the animals (T. Baptista, pers. comm.; Breitler, 2001) . Instances such as these warrant prompt action to treat the victims for possible rabies exposure. In 1991, a wounded otter that was rescued and cared for by a local veterinary facility in Georgia and home-cared for by multiple persons on weekends subsequently developed rabies, resulting in a multistate search for exposed persons (Serfass et al., 1995) . Reports of rabies among otters, although uncommon, increased from five between 1980 and 1989 to 36 between 1990 and 2000. In addition, their geographic distribution encompasses most of North America (Wilson and Reeder, 1993) , and rabid otters have been reported from four of the seven regions of the United States.
The range of ringtails is restricted to drier regions of the southwestern states, where their climbing and leaping abilities are legend. Perhaps the agility and nocturnal predatory skills of this species and the general sparsity of terrestrial reservoir species in areas where they occur offer an explanation for the fact that the only two variants of the rabies virus recovered from ringtails were found to be associated with bats.
The first reports of rabies among wolfdog hybrids occurred within the last decade as the popularity and numbers of these animals increased (Siino, 2000) . How frequently these hybrids bite humans is unknown; however, wolf-dog hybrids were involved in 14 fatal (non-rabies) human attacks between 1979 and 1998, which places them sixth among all breeds (Sacks et al., 2000) . Currently, there is no rabies vaccine licensed for use in wolf-dog hybrids, and in one instance a wolf-dog hybrid vaccinated off-label with a United States Department of Agriculture-approved canine vaccine developed rabies (Jay et al., 1994) .
Rabies among OCMs remains primarily a regional problem. Under most circumstances, when spillover to carnivore species not involved as the primary host of a particular rabies virus variant occurs, maintenance remains uncommon. However, this review was intended in part to remind public health professionals that OCMs can be infected by rabies virus, and therefore bites to humans from all wildlife species warrant a careful appraisal for the potential risk of rabies. Antigenic and genetic typing provide valuable mechanisms for detection of new variants of rabies and other exotic lyssaviruses that might be introduced by exotic OCMs and other nonindigenous mammal species.
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